


 





























 



 山 东 省 教 育 厅 
 

  
                        鲁教研函〔2019〕2号 

 
 
 

山东省教育厅 

关于公布2019年优秀博士学位论文 

优秀硕士学位论文和研究生优秀成果奖 

获奖名单的通知 

 

各研究生培养单位： 

根据《山东省学位委员会山东省教育厅山东省财政厅关于印

发山东省研究生教育创新计划的通知》(鲁学位〔2006〕5号)要

求，经单位推荐、专家评议和网上公示，2019 年确定山东省优

秀博士学位论文 150 篇，优秀硕士学位论文 500篇，山东省研究

生优秀成果奖 500 项，现将名单予以公布。 

各单位要深入实施研究生教育创新计划，积极探索新形势下

研究生教育规律，以培养研究生“创新意识、创造能力、创业精

神”为核心，深化研究生培养模式改革，培养大批高层次专门人



 — 2 — 

才，为服务山东经济社会发展重大战略提供人才支持和智力支

撑。 

 

附件：1.2019年山东省优秀博士学位论文获奖名单 

      2.2019年山东省优秀硕士学位论文获奖名单 

3.2019年山东省研究生优秀成果奖获奖名单     

 

 

 

山东省教育厅 

2019 年 12 月 27日 
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附件 2 

2019年山东省优秀硕士学位论文获奖名单 

（500篇） 

序号 单位 姓名 论文题目 导师 

1 山东大学 陈高进 
7075 铝合金分流模挤压型材微观组织与力学性

能研究 
陈良 

2 山东大学 陈晴 手指静脉识别中的形变问题研究 杨公平 

3 山东大学 程海漫 危机学习的困境：基于学习过程论的分析 马奔 

4 山东大学 迟长云 
高活性钙基碳载体制备及其捕集 CO2 和脱除

HCl 研究 
李英杰 

5 山东大学 樊翠琴 
IL-1β 介导的神经突触可塑性调节在抑郁症发

病中的作用及机制 
于书彦 

6 山东大学 高桢 时间序列变化点检测算法研究及应用 卢国梁 

7 山东大学 耿浩 
中国金融行业宏观经济预测的同侪效应的结构

模型估计 
侯麟科 

8 山东大学 管亚盟 形式解释论与实质解释论的立场之争与选择 刘军 

9 山东大学 韩建平 
固态电解质改性钛酸锂负极材料的制备及其电

化学性能 
白玉俊 

10 山东大学 何文秀 
氧化还原敏感的两亲性小分子药物递送系统的

设计及体内外抗肿瘤评价 
栾玉霞 

11 山东大学 贾希彤 宏信息辅助的微表情识别研究 贲晛烨 

12 山东大学 赖家辉 
辣根过氧化物酶氧化对碘苯酚反应机理的理论

研究 
刘剑 

13 山东大学 李彩军 同盟框架下泰国对美有限追随政策研究 杨鲁慧 

14 山东大学 李明爽 裂纹自愈合陶瓷刀具的研制 黄传真 

15 山东大学 刘命 重油富氧燃烧过程的 OH-PLIF 诊断实验研究 王志强 
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序号 单位 姓名 论文题目 导师 

228 青岛科技大学 高越 基于夹点技术的环境风险管理方法 王芳 

229 青岛科技大学 管西荣 
清末民初中国历史教科书中的民族认同书写研

究（1901-1919 年） 
张运君 

230 青岛科技大学 何凯 二氧化钛基电流变液的结构与性能研究 王宝祥 

231 青岛科技大学 刘辉 几种有机二维材料的制备及光催化和生物应用 赵英杰 

232 青岛科技大学 刘凯 
钼系高乙烯基聚丁二烯橡胶极性改性及性能研

究 
华静 

233 青岛科技大学 刘志刚 燃烧流场的温度与速度分布同时测量研究 张斌 

234 青岛科技大学 庞凯 
二维氧化石墨烯与一维甲壳素纳米纤维杂化粒

子：制备、组装及应用 

段咏欣 

张建明 

235 青岛科技大学 乔姝媛 植物手绘插画类图书的文化价值研究 王小环 

236 青岛科技大学 商圆月 中国高技术产业发展非均衡及其影响因素研究 吕承超 

237 青岛科技大学 孙巧巧 
基于深度学习的高光谱图像分类及参数设置研

究 
刘雪峰 

238 青岛科技大学 孙雅雯 
西太平洋海山可培养细菌多样性及新物种的分

类鉴定 
刘杰 

239 青岛科技大学 唐若涵 
服装构成语言在现代陶艺创作中的转译 ——

基于维度空间下的探究 
李宏文 

240 青岛科技大学 王倩 游梁式抽油机曲柄自动调平衡装置设计与研究 吴俊飞 

241 青岛科技大学 王珊珊 
纳米材料修饰电极光致电化学传感器的构建及

其在生化分析中的应用研究 
混旭 

242 青岛科技大学 王勇 
双塔萃取精馏分离甲苯-甲醇-水共沸体系的工

艺优化与动态控制 
朱兆友 

243 青岛科技大学 徐玉娟 
功能金纳米材料的制备及对细胞内活性物质的

成像检测和靶向药物传递中的应用 
丁彩凤 

244 青岛科技大学 许希彩 
咪唑型离子液体萃取分离含低碳醇二元共沸体

系 
王英龙 

245 青岛科技大学 张盛峰 
错位桨搅拌假塑性流体流场洞穴模型及演化规

律研究 
栾德玉 





Comparative Genomics of Exiguobacterium Reveals What Makes
a Cosmopolitan Bacterium

Dechao Zhang,a,b,c Zhaolu Zhu,d,e Yangjie Li,d,e Xudong Li,d,e Ziyu Guan,d Jinshui Zhengd,e

aInstitute of Oceanology, Chinese Academy of Sciences, Qingdao, China
bUniversity of Chinese Academy of Sciences, Beijing, China
cCenter for Ocean Mega-Science, Chinese Academy of Sciences, Qingdao, China
dState Key Laboratory of Agricultural Microbiology, Huazhong Agricultural University, Wuhan, China
eHubei Key Laboratory of Agricultural Bioinformatics, College of Informatics, Huazhong Agricultural University, Wuhan, China

ABSTRACT Although the strategies used by bacteria to adapt to specific environ-
mental conditions are widely reported, fewer studies have addressed how microbes
with a cosmopolitan distribution can survive in diverse ecosystems. Exiguobacterium
is a versatile genus whose members are commonly found in various habitats. To better
understand the mechanisms underlying the universality of Exiguobacterium, we col-
lected 105 strains from diverse environments and performed large-scale metabolic and
adaptive ability tests. We found that most Exiguobacterium members have the capacity
to survive under wide ranges of temperature, salinity, and pH. According to phyloge-
netic and average nucleotide identity analyses, we identified 27 putative species and
classified two genetic groups: groups I and II. Comparative genomic analysis revealed
that the Exiguobacterium members utilize a variety of complex polysaccharides and pro-
teins to support survival in diverse environments and also employ a number of chaper-
onins and transporters for this purpose. We observed that the group I species can be
found in more diverse terrestrial environments and have a larger genome size than the
group II species. Our analyses revealed that the expansion of transporter families drove
genomic expansion in group I strains, and we identified 25 transporter families, many
of which are involved in the transport of important substrates and resistance to envi-
ronmental stresses and are enriched in group I strains. This study provides important
insights into both the overall general genetic basis for the cosmopolitan distribution of
a bacterial genus and the evolutionary and adaptive strategies of Exiguobacterium.

IMPORTANCE The wide distribution characteristics of Exiguobacterium make it a valua-
ble model for studying the adaptive strategies of bacteria that can survive in multi-
ple habitats. In this study, we reveal that members of the Exiguobacterium genus
have a cosmopolitan distribution and share an extensive adaptability that enables
them to survive in various environments. The capacities shared by Exiguobacterium
members, such as their diverse means of polysaccharide utilization and environmen-
tal-stress resistance, provide an important basis for their cosmopolitan distribution.
Furthermore, the selective expansion of transporter families has been a main driving
force for genomic evolution in Exiguobacterium. Our findings improve our under-
standing of the adaptive and evolutionary mechanisms of cosmopolitan bacteria and
the vital genomic traits that can facilitate niche adaptation.

KEYWORDS Exiguobacterium, cosmopolitan distribution, genomics, adaptation
strategies, polysaccharide utilization, transporters

Across the landscape, microbial communities are nonrandomly dispersed in terms
of their composition and diversity (1). Physical and chemical factors in the environ-

ment significantly influence the distribution patterns of microbes (2). For example,
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Bathymetric gradient shapes the community composition rather than the
species richness of deep-sea benthic ciliates
Feng Zhao a,b,e, Sabine Filker c, Chunsheng Wangd, Kuidong Xu a,b,e,⁎
a Laboratory of Marine Organism Taxonomy and Phylogeny, Institute of Oceanology, Center for Ocean Mega-Science, Chinese Academy of Sciences, Qingdao, China
b Laboratory for Marine Biology and Biotechnology, Pilot National Laboratory for Marine Science and Technology (Qingdao), Qingdao, China
c Department of Molecular Ecology, University of Kaiserslautern, Kaiserslautern, Germany
d Second Institute of Oceanography, Ministry of National Resources, Hangzhou, China
e University of Chinese Academy of Sciences, Beijing, China
H I G H L I G H T S G R A P H I C A L A B S T R A C T
• Benthic ciliate distribution across the
deep-sea plain, seamount, and trench
was investigated.

• Ciliate communities showed low con-
nectivity along the bathymetric gradi-
ents.

• Most community dissimilarities were
attributed to species replacement,
caused by environmental sorting or his-
torical constraints.

• Bathymetric gradient contributed more
to community variations than geo-
graphic distance.
⁎ Corresponding author at: Institute of Oceanology, Chi
E-mail address: kxu@qdio.ac.cn (K. Xu).

https://doi.org/10.1016/j.scitotenv.2020.142623
0048-9697/© 2020 Elsevier B.V. All rights reserved.
a b s t r a c t
a r t i c l e i n f o
Article history:
Received 14 July 2020
Received in revised form 15 September 2020
Accepted 18 September 2020
Available online 30 September 2020

Editor: Henner Hollert

Keywords:
Protist
Source-sink dynamic
Abyssal plain
Benthic community
Seamount
Trench
The bathymetric gradient is one of the most important factors that regulate the distribution of life. However, com-
munity variations of benthic ciliates along bathymetric gradients in the deep sea remain rather unexplored. In this
study, we hypothesize that in the deep sea, the bathymetric gradient shapes the benthic ciliate community compo-
sition rather than the species richness. Here, we evaluated the distribution patterns and drivers of benthic ciliate
communities of an abyssal plain, a seamount, and a trench with water depths ranging from 800 m down to
6600 m by high throughput eDNA sequencing and statistical analyses. We observed no significant correlation be-
tween ciliate operated taxonomic unit (OTU) richness and water depth. A meta-analysis, which combined our pre-
viously published data from the neritic habitats, supports the notion that water depth exceeding 800 m has little
effect on the richness of benthic ciliate species. In contrast, the composition of deep-sea ciliate communitieswas sig-
nificantly distinct in different habitats along the bathymetric gradients. A SourceTracker analysis revealed extremely
low connectivity among ciliate communities along the bathymetric gradients.More than 95% of the community dis-
similarity in the deep-sea floor was attributed to species replacement, which might be caused by environmental
sorting or historical constraints. Furthermore, the observed community variations could be ascribed more to
water depth than to geographic distance. The findings imply that the strong force of environmental sorting along
the bathymetric gradients and the low connectivity among the ciliate communities might lead to an isolated evolu-
tion. This could shape the community composition rather than the species richness, which is mainly determined by
the limited nutrient availability and the extreme environmental conditions in the deep sea.

© 2020 Elsevier B.V. All rights reserved.
nese Academy of Sciences, 266071 Qingdao, China.
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Diversity and connectivity of microeukaryote communities across multiple 
habitats from intertidal zone to deep-sea floor in the Western Pacific Ocean 

Feng Zhao a,b,d, Chunsheng Wang c,e, Kuidong Xu a,b,d,*, Pingping Huang a,d, Tong Zhou a,d 

a Laboratory of Marine Organism Taxonomy and Phylogeny, Institute of Oceanology, Center for Ocean Mega-Science, Chinese Academy of Sciences, 266071, Qingdao, 
China 
b Laboratory for Marine Biology and Biotechnology, Pilot National Laboratory for Marine Science and Technology (Qingdao), 266237, Qingdao, China 
c Second Institute of Oceanography, Ministry of National Resources, 310012, Hangzhou, China 
d University of Chinese Academy of Sciences, 100049, Beijing, China 
e School of Oceanography, Shanghai Jiao Tong University, 200240, Shanghai, China   

A R T I C L E  I N F O   

Keywords: 
Protist 
Molecular diversity 
Habitat heterogeneity 
Seamount 
Hydrothermal vent 
Abyssal plain 

A B S T R A C T   

Habitat differentiation is the essential force for shaping animal and plant biogeography. Distribution patterns of 
microeukaryotes, which are an assemblage of highly diverse and phylogenetically distant groups, across multiple 
marine habitats remain largely unknown. We hypothesize that microeukaryote communities vary across different 
types of marine habitats at the regional scale similar as macroorganisms, and they are shaped by multiple factors. 
Herein, we evaluated the microeukaryotic diversity and connectivity in sediments from intertidal flat through 
continental shelf to deep-sea floor, including habitats of deep-sea plain, seamount, and hydrothermal vent, using 
high-throughput DNA sequencing. Microeukaryote communities were clustered into their own sub-groups ac-
cording to the types of the habitats, where the communities of abundant taxa tended to gather with nearby 
habitats, while the rare taxa were mainly shaped by the types of the habitats. The SourceTracker analysis showed 
that the most probable sources for each community composition, particularly for those from seamounts and 
hydrothermal vent, were identified unknown. The continental shelf and deep-sea plain showed a relatively larger 
fraction of sources from each other, indicating a stronger source-sink dynamic than that among other habitats. 
The habitat differentiation contributed more to community variations than the spatial variables and water depth 
did. Co-occurrence network analysis indicated more complex bio-interactions in the neritic zone, where Cercozoa 
might play fundamental roles in the stability of the community than those in the deep sea, where ciliates were 
more connected with other taxa. Altogether, our findings highlight that the microeukaryotic communities are 
clearly shaped by the habitat differentiation, and this study also identifies the most probable source of dispersal 
for each community of different habitats.   

1. Introduction 

The knowledge of microbial biogeography directly influences our 
understanding on the global biodiversity and the underlying processes 
that shape their distribution (Bik et al., 2012). Revealing the patterns of 
microbial distribution along the space and environmental gradients is 
the major challenge in microbial ecology. 

Microeukaryotes (= microbial eukaryotes) play a variety of critical 
roles in natural environments from primary producers, consumers, de-
composers to parasites (Sherr et al., 2002; Caron et al., 2012; Edgcomb, 
2016). Although they often comprise large standing stocks of biomass, it 
is difficult to observe them due to their small size and general absence of 

distinguishable morphological features (Lohan et al., 2017). The esti-
mation of the diversity and distribution of microeukaryotes, particularly 
ciliates, has long been an ongoing debate and attracted considerable 
interests (Azovsky et al., 2020). Because of their high abundance, mi-
crobes are thought to be widespread or even cosmopolitan, and thus 
their diversity might be limited (Finlay, 2002). This hypothesis is sup-
ported by several studies based on morphological methods. For instance, 
no clear geographic clustering was found in marine benthic ciliates and 
flagellates, who are the major groups of microeukaryotes, based on the 
estimation of global diversity (Azovsky and Mazei, 2013; Azovsky et al., 
2016). In contrast, Foissner (2008) proposed that the vast majority 
(>90%) of microeukaryotes are moderately or barely abundant, and 

* Corresponding author. Institute of Oceanology, Chinese Academy of Sciences, 266071, Qingdao, China. 
E-mail address: kxu@qdio.ac.cn (K. Xu).  
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Microeukaryote communities exhibit phyla-specific distance-decay patterns 
and an intimate link between seawater and sediment habitats in the 
Western Pacific Ocean 

Feng Zhao a,b,e, Sabine Filker c, Kuidong Xu a,b,e,*, Pingping Huang a,e, Shan Zheng d 

a Laboratory of Marine Organism Taxonomy and Phylogeny, Institute of Oceanology, Center for Ocean Mega-Science, Chinese Academy of Sciences, 266071, Qingdao, 
China 
b Laboratory for Marine Biology and Biotechnology, Pilot National Laboratory for Marine Science and Technology (Qingdao), 266071, Qingdao, China 
c Department of Molecular Ecology, University of Kaiserslautern, 67663, Kaiserslautern, Germany 
d Jiaozhou Bay Marine Ecosystem Research Station, Institute of Oceanology, Chinese Academy of Sciences, 266071, Qingdao, China 
e University of Chinese Academy of Sciences, 100049, Beijing, China   

A R T I C L E  I N F O   

Keywords: 
Protist 
Molecular diversity 
The western Pacific ocean 
Vertical distribution 
Biogeography 

A B S T R A C T   

Microeukaryotes are mainly composed of highly diverse and abundant protists, whose diversity and distribution 
in deep oceans have not been well studied. We investigated the vertical profiles of microeukaryotes throughout 
the water column down to abyssal sediments and their horizontal distribution over a distance of 1,300 km in the 
Western Pacific Ocean, using high throughput DNA sequencing. A distinct vertical distribution was detected for 
microeukaryote communities, which could be clustered into euphotic, aphotic and sediment groups. Nearly half 
of the operational taxonomic units detected in the sediment samples were also found in overlying water, indi-
cating a frequent species exchange between seawater habitats and abyssal sediment habitats, which was similar 
to that observed for prokaryote communities. On the horizontal scaling side, a significant distance-decay rela-
tionship was found in the microeukaryote community. Furthermore, the major microeukaryotic groups revealed 
different distance-decay patterns which appeared to be significant for Dinoflagellata and Radiolaria, but insig-
nificant for Ciliophora. Environmental selection contributed more to the variations in microeukaryote and 
Dinoflagellata communities than neutral processes, whereas neutral processes explained more variations in 
Radiolaria community. Generally, community variations explained by both processes were less than 30%, which 
was lower than that in coastal zones. These results imply that the complex distribution pattern within micro-
eukaryote communities and more drivers, such as currents, water mass and biotic interactions, might contribute 
in shaping the distribution of microeukaryotes in the open ocean.   

1. Introduction 

Microeukaryotes (microbial eukaryotes) include the commonly- 
known algae, protozoa and lower fungi, and they are phylogenetically 
distant and highly diverse both in form and function. Because of their 
high diversity, their wide distribution and broad range of body sizes, 
protists, particularly ciliates, have triggered a debate regarding the di-
versity and distribution of microeukaryotes (Finlay, 2002; Foissner, 
2008; Caron et al., 2012; Lentendu et al., 2018). This debate was mainly 
based on observations of freshwater and soil forms, as marine micro-
eukaryotes have long been considered cosmopolitans (Hanson et al., 
2012; Villarino, 2018). Recently, a growing number of studies has 

investigated the diversity and distribution of microeukaryotes in various 
marine habitats (de Vargas et al., 2015; Gimmler et al., 2016; Rocke 
et al., 2016; Filker et al., 2019). These studies revealed that communities 
of marine microeukaryotes generally exhibit a restricted distribution 
and a distance decay of community similarity, and they are strongly 
governed by environmental selection as well as neutral processes (dis-
persal-related), with varying relative importance in the coastal zone (e. 
g. Grattepanche et al., 2016; Wu et al., 2018; Zhang et al., 2018). 

Among marine habitats, the deep ocean, though as the largest 
ecosystem, remains the least explored and understood (Ramirez-Llodra 
et al., 2010). Difficulties in the morphological identification of species 
and technical impediments have hampered the sampling, identification 
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Baseline 

Patterns and drivers of microeukaryotic distribution along the North 
Equatorial Current from the Central Pacific Ocean to the South China Sea 

Feng Zhao a,b,e,1, Yu Wang c,1, Shan Zheng d, Rongjie Zhao a,e, Mao Lin c,*, Kuidong Xu a,b,e,** 

a Laboratory of Marine Organism Taxonomy and Phylogeny, Institute of Oceanology, Center for Ocean Mega-Science, Chinese Academy of Sciences, Qingdao 266071, 
China 
b Laboratory for Marine Biology and Biotechnology, Pilot National Laboratory for Marine Science and Technology (Qingdao), Qingdao 266237, China 
c Third Institute of Oceanography, Ministry of National Resources, Xiamen 361005, China 
d Jiaozhou Bay Marine Ecosystem Research Station, Institute of Oceanology, Chinese Academy of Sciences, Qingdao 266071, China 
e University of Chinese Academy of Sciences, Beijing 100049, China   

A R T I C L E  I N F O   

Keywords: 
Biogeography 
Co-occurrence analysis 
Protist 
The Pacific Ocean 
Source-sink dynamic 
Plankton 

A B S T R A C T   

Microeukaryotes have been recognized as highly abundant and diverse both in form and function, however, data 
on their diversity and distribution along marine currents remain scarce. Herein, the distribution of micro-
eukaryotes in surface seawaters was analyzed along a 9000 km stretch of the North Equatorial Current (NEC) and 
its bifurcation using high throughput DNA sequencing. Significant distance-decay patterns were detected, and 
the microeukaryote communities were further divided into Central Pacific Ocean (CPO), Western Pacific Ocean 
(WPO), and South China Sea (SCS) groups. Statistical analyses suggested that the microeukaryotic assembly in 
the WPO is maintained by the CPO community transported via the NEC. Environmental selection contributed 
more to community variations than spatial processes did. Temperature and salinity were the two most important 
environmental factors to shape the examined communities. Altogether, characterizing the microeukaryotic di-
versity and distribution along the NEC provided an insight into the drivers of their distribution in open oceans.   

Microeukaryotes, a highly abundant group of microorganisms, play 
various roles in natural environments, such as primary producers, 
predators, decomposers, and parasites (Sherr and Sherr, 2002; Caron 
et al., 2012; Edgcomb, 2016). They often comprise large standing stocks 
of biomass, yet their small size and indistinguishable general morpho-
logical features make them difficult to identify (Lohan et al., 2017). 
Subjects including the estimation of microeukaryote diversity and dis-
tribution have long attracted considerable interest and sparked ongoing 
debates (Finlay, 2002; Foissner et al., 2008; Caron et al., 2012; Lentendu 
et al., 2018; Moss et al., 2020). 

Due to their small body size, high abundance and dormant life forms, 
microeukaryotes may have dispersal rates that surpass diversification, 
and thus have long been considered widespread or even cosmopolitan 
(Finlay, 2002; Hanson et al., 2012). Accordingly, microorganisms—such 
as microeukaryotes—should neither exhibit patterns of biogeography, 
nor display an increase in species richness from polar to equatorial re-
gions, which is typical for some plants and animals (Moss et al., 2020). 

This theory is supported by studies on the global distribution of ciliates 
and flagellates based on morphological methods, which did not find 
clearly geographic clusters (Azovsky and Mazei, 2013; Azovsky et al., 
2016). Furthermore, environmental factors related to latitude were 
suggested by Moss et al. (2020), which were thought to influence 
various macrofauna; such factors, however, may not define microbial 
diversity patterns of richness in the global ocean. 

In contrast, recent molecular analytic methods have revealed an 
extremely high diversity of microorganisms, the rare taxa in particular 
(Pawlowski et al., 2011; Gimmler et al., 2016; Pernice et al., 2016; Filker 
et al., 2019; Wang et al., 2020). Distinct microeukaryotic distribution 
patterns were revealed in various marine habitats, i.e., subtropical 
harbors (Rocke et al., 2016), estuaries and coastlines (Filker et al., 
2019), and deep-sea sediments (Pawlowski et al., 2011). These studies 
established that marine microeukaryote communities in isolated habi-
tats and sediments commonly exhibit a distance-decay effect, and are 
strongly governed by environmental selection and neutral processes (e. 
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